F or many years, placebo-controlled trials of the inactivated influenza vaccine used in the military found that it was 70 to 90% efficacious in preventing infection with influenza as identified by a rise in serum antibody titer, as long as the virus strain used in the vaccine resembled the strain in circulation. 1 Questions have been raised as to how well the vaccine provides protection against infection when the circulating virus has antigenically drifted and differs to some extent from the strain used in the vaccine. 2 The validity of using serologic confirmation of infection, rather than isolation and identification of the virus, to determine efficacy has also been questioned. 3 The live attenuated influenza vaccine has been developed more recently. It has been shown to be efficacious in young children in cases in which virus isolation has been used to confirm that the illness was caused by influenza. 4 In both child and adult populations, the vaccine was shown to be protective even during years in which the circulating virus had antigenically drifted from the virus included in the vaccine. 5, 6 However, the key efficacy study of the trivalent live attenuated vaccine in adults did not include laboratory confirmation of influenza. 6 We carried out a clinical trial to determine the efficacy, as measured by laboratory confirmation of influenza, of both the inactivated and live attenuated influenza vaccines in the healthy adult population for whom both vaccines are currently licensed for use. The study was conducted in Michigan during the winter of 2004-2005, when antigenically drifted type A viruses, the A/California/07/2004-like strain of H3N2, were circulating, as were type B viruses of two lineages.
Me thods

Study Design and Objectives
The study was a randomized, double-blind, placebo-controlled, community-based trial. Our primary objective was to evaluate the absolute efficacies, as compared with placebo, of the inactivated and live attenuated influenza vaccines in preventing laboratory-confirmed symptomatic influenza caused by circulating strains (whether they were antigenically similar or dissimilar to the strains included in the vaccines). Secondary objectives included evaluating the relative efficacy of one vaccine as compared with the other.
MedImmune provided the live attenuated vaccine and Sanofi Pasteur provided the antigens used in the serologic tests; these companies had no role in the design, analysis, interpretation, or reporting of the study. The study was designed and carried out by the authors, who also analyzed the data; the authors take full responsibility for the data, the analysis, and the completeness and accuracy of this article.
Participant Enrollment, Randomization, and Follow-up Eligible participants were healthy men and women 18 to 46 years of age, recruited at four study sites (two university sites and two community sites) in Michigan, who had not yet received an influenza vaccine for the [2004] [2005] season. Persons with any health condition for which the inactivated vaccine was recommended, and persons for whom either vaccine was contraindicated, were excluded. 7 The study was approved by the institutional review board at the University of Michigan Medical School.
At enrollment, written informed consent was obtained from potential participants, and study eligibility was determined. Preintervention blood specimens were collected from eligible participants, who were then randomly assigned to receive one intervention: the inactivated influenza vaccine or the matching placebo (physiologic saline) by intramuscular injection or the live attenuated influenza vaccine or matching placebo (physiologic saline) by intranasal spray, in ratios of 5:1 and 5:1, respectively. Four site-specific randomization schedules, generated with the use of a random permuted block design with a block size of 12, were used to assign participants sequentially to receive a vaccine or a placebo as they enrolled. Since the trial was double-blind, participants and the nurses who administered the study vaccine or placebo were unaware of whether the participant was receiving vaccine or placebo but were aware of the route of administration.
Participants recorded data on local and systemic reactions to vaccine or placebo on diary cards each day for 7 days after the intervention. They returned to the study sites 3 to 5 weeks after the intervention for collection of the diary cards and for collection of postintervention (preseason) blood specimens.
Influenza surveillance was conducted from November 2004 through April 2005. Participants were contacted twice monthly by e-mail or telephone and were instructed to contact study staff in the event of illness with at least two respiratory or systemic signs or symptoms. Throat-swab specimens were collected for the isolation and identification of influenza virus, and participants were followed for collection of data on illness characteristics. During the period from April through May 2005, participants returned to the study sites for collection of postseason blood specimens.
Vaccines and Placebos
Both the inactivated trivalent vaccine (Fluzone, Sanofi Pasteur) . Identical syringes were filled on-site with the inactivated vaccine or matching placebo (physiologic saline) by study nurses who were aware of the intervention assignments. The live attenuated influenza vaccine and matching placebo (physiologic saline) were preloaded in identical nasal spray devices by the manufacturer.
Efficacy Measurements
Symptomatic influenza was defined as illness characterized by at least one respiratory symptom (cough or nasal congestion) and at least one systemic symptom (fever or feverishness or chills or body aches). 8 To qualify as a case of symptomatic influenza, the illness also must have occurred during the period of surveillance-defined influenza activity and at least 2 weeks after receipt of vaccine or placebo. The primary end point was a case of symptomatic influenza type A or B that was laboratory-confirmed, either by isolation of the influenza virus in cell culture or by a rise by a factor of four or more in the serum antibody titer against a circulating influenza strain on hemagglutination-inhibition testing (serologic determination). Additional end points included illness confirmed through isolation of the virus only, through either isolation of the virus or identification of the virus through real-time polymerase chain reaction (PCR), through real-time PCR only, and through serologic determination only.
Laboratory Assays
Isolation of influenza in cell culture, type identification (of influenza A or B) using the fluorescence antibody assay, and serologic assays using the hemagglutination-inhibition test were performed in the influenza laboratory at the University of Michigan School of Public Health. 9-11 All throat swabs collected during the surveillance period were cultured to identify participants with culture-positive influenza and to define the period of local influenza activity. All isolates were typed according to strain and evaluated for antigenic relatedness to vaccine strains by the Influenza Branch at the Centers for Disease Control and Prevention (CDC). In addition, all throat-swab specimens obtained from participants with symptomatic influenza were tested at the University of Michigan by means of real-time PCR assays using the Taqman system (Applied Biosystems); primers and probes used in this assay were developed by the CDC Influenza Branch and were designed for universal detection of influenza A and B viruses.
All collected serum samples were tested with the hemagglutination-inhibition assay, with the virus strains present in the vaccines used as antigens. In addition, serum samples from participants with symptomatic illness were tested against the circulating type A ( 
Statistical Analysis
In efficacy analyses, we considered both placebo groups (participants receiving physiologic saline through either injection or intranasal spray) to be equivalent and combined them. Absolute efficacy was estimated by calculating the relative risk of laboratory-confirmed symptomatic influenza in each vaccine group as compared with the placebo group; relative efficacy was estimated by calculating the relative risk of laboratory-confirmed symptomatic influenza in one vaccine group as compared with the other vaccine group. The rela-tive risk was calculated by comparing the cumulative incidence (the observed proportion) of cases in the vaccine group and the cumulative incidence of cases in the placebo group (or in the other vaccine group) and determining the exact confidence intervals. Point estimates of vaccine efficacy were calculated as (1 − the relative risk) × 100. Differences in the proportions of reported postintervention reactions between each vaccine group and the matching placebo group were analyzed with an appropriate chi-square test or, when necessary, Fisher's exact test. Statistical analyses were conducted with the use of SAS software (release 8.2, SAS Institute) and StatXact software (version 7, Cytel).
The intention-to-treat analysis involved all enrolled participants who were randomly assigned to a vaccine or placebo group and received a vaccine or a placebo; this population was used in the analysis of influenza infection confirmed through isolation of the virus in cell culture or identification of the virus through real-time PCR. Per-protocol analyses were limited to participants who provided all three annual blood specimens according to the timing specified in the protocolin particular, having the postintervention (preseason) blood specimen collected at least 3 weeks after receipt of a vaccine or a placebo and at least 2 weeks before the beginning of local influenza activity. This limited population was used in the analysis of influenza cases that were serologically determined.
Assuming absolute vaccine efficacies of 80%, our study was planned to have a statistical power sufficient to estimate efficacy with a two-sided 95% confidence interval (CI) with a positive lower bound. Enrollment was then planned on the basis of the total number of end points required to achieve this power (8 end points in either vaccine group and 15 in the placebo group); given a conservative attack rate for community influenza of 5%, we estimated that we would need to enroll 1800 subjects. A P value of less than 0.05, or a positive lower bound of the 95% CI for vaccine efficacy, was considered to indicate statistical significance. tal of 1253 subjects were eligible, and 1247 participants provided a preintervention blood specimen and then received a vaccine or a placebo (Table  1) . The mean age of participants was 26.9 years, and 628 participants (50.4%) reported having received influenza vaccine previously. Participant characteristics were similar across the inactivated vaccine group, the live attenuated vaccine group, and the placebo group. Forty participants (3.2%) did not complete all scheduled visits; loss to follow-up did not differ significantly among the three groups (P = 0.39) (Fig. 1) . A total of 331 additional participants were excluded from per-protocol analyses because their postintervention (preseason) blood specimens were in fact collected after local influenza activity began. As a result, 876 (70.2%) participants were included in per-protocol analyses; the distribution of these participants was similar among the three groups (P = 0.97). 
R esults
Reported Reactogenicity
Among the local and systemic reactions reported on diary cards, only arm soreness was significantly more likely to be reported by recipients of inactivated vaccine than by recipients of the matching placebo (Table 2) . Runny nose or congestion, cough, headache, and muscle aches were all significantly more likely to be reported by recipients of live attenuated vaccine than by recipients of the matching placebo. The reporting of symptoms as moderate or severe, although common, did not result in any participant's withdrawal from the study.
Serious Adverse Events
Four serious adverse events occurred among participants within 30 days of receipt of vaccine or placebo. Only one -hospitalization for acute pericarditis with moderate effusion after receipt of the live attenuated vaccine -was considered to be possibly related to the study intervention.
Comprehensive study of the serum samples collected immediately before administration of the vaccine and 4 weeks later did not indicate an infectious cause of the pericarditis; the participant recovered completely. The other three serious adverse events -participants hospitalized for mononucleosis, for exacerbated hypertension and cardiomyopathy, and for injuries resulting from a car accident -were considered to be unrelated to the study intervention. Additional information on all serious adverse events occurring during followup is presented in Table 3 .
Immune Response to Vaccine
Hemagglutination-inhibition assays showed that the serum antibody titer for the influenza A H3 component of the vaccines increased by a factor of four or more from preintervention levels in 110 recipients of live attenuated vaccine (21.2%) and 348 recipients of inactivated vaccine (66.7%) (P<0.001), as did the serum antibody titer for the influenza B component of the vaccines in 70 recipients of live attenuated vaccine (13.5%) and 445 recipients of inactivated vaccine (85.2%) (P<0.001) and the serum antibody titer for the influenza A H1 component of the vaccines in 44 recipients of live attenuated vaccine (8.5%) and 367 recipients of inactivated vaccine (70.3%) (P<0.001).
Laboratory-Confirmed Influenza
Thirty-two participants (2.6%) had culture-confirmed influenza ( Forty-three participants (3.4%) had PCR-confirmed influenza, including 28 participants with influenza A, 14 participants with influenza B, and 1 participant with both influenza A and influenza B (two different episodes of illness). Forty-seven participants (3.8%) were infected with .7) 6 (6.1)
1.6 0.57 * Other reported problems that occurred in at least 5 participants were nausea (14 participants), sneezing (8 participants), diarrhea (7 participants), dizziness (7 participants), and nosebleed (6 participants); none were significantly more likely to be reported by participants who received a vaccine as compared with those who received the matching placebo.
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influenza as confirmed through either isolation of the virus in cell culture or identification of the virus through real-time PCR (Table 4) . Thirty-seven participants included in per-protocol analyses (4.2%) had serologic evidence of influenza infection. Of these participants, 20 were infected with influenza A (H3N2) and 17 with influenza B. Forty-three participants includ ed in per-protocol analyses (4.9%) were infected with influenza, as confirmed by either cell culture or serologic testing (the primary end point) (Table 4) .
Absolute and Relative Estimates of Vaccine Efficacy
Absolute vaccine efficacy (as compared with placebo), as estimated for culture-confirmed cases only, was 77% (95% CI, 37 to 92) for the inactivated vaccine and 57% (95% CI, −3 to 82) for the live attenuated vaccine (Table 4 ). There was a 46% relative reduction (95% CI, −44 to 82) in cultureconfirmed influenza among recipients of inactivated vaccine as compared with recipients of live attenuated vaccine.
Absolute vaccine efficacy, as estimated for cases confirmed through cell culture or PCR, was 75% (95% CI, 42 to 90) for the inactivated vaccine and 48% (95% CI, −7 to 74) for the live attenuated vaccine (Table 4 ). There was a 53% relative reduction (95% CI, −5 to 80) in these cases of influenza among recipients of the inactivated vaccine as compared with recipients of the live attenuated vaccine.
Absolute vaccine efficacy, as estimated for culture-confirmed or serologically determined cases of influenza (the primary end point in the per-protocol population), was 67% (95% CI, 16 to 87) for the inactivated vaccine and 30% (95% CI, −57 to 67) for the live attenuated vaccine (Table 4) . There was a 53% (95% CI, −4 to 80) relative reduction in these cases among recipients of the inactivated vaccine as compared with recipients of the live attenuated vaccine.
Vaccine efficacy, as determined with the use of cell culture alone or combined cell culture and PCR, was also estimated for cases of type A influenza and type B influenza separately (Table 5) . Absolute vaccine efficacy against culture-confirmed influenza A was 74% (95% CI, −11 to 95) for the inactivated vaccine and 74% (95% CI, −12 to 95) for the live attenuated vaccine. When PCR results were also considered, the absolute efficacy was similar for the inactivated vaccine but was decreased for the live attenuated vaccine. For type B influenza, the absolute efficacy against cultureconfirmed illness was 80% (95% CI, 8 to 97) for the inactivated vaccine but only 40% (95% CI, −103 to 81) for the live attenuated vaccine.
Discussion
In February each year, the influenza virus strains to be included in the next season's vaccine are selected. 15 The subsequent influenza outbreak is In this year, when antigenically drifted type A (H3N2) influenza and both vaccine-like and variant type B viruses were circulating, the inactivated vaccine worked well. This result was somewhat unexpected, given problems report ed in past years when antigenically drifted viruses were circulating. 2, 7, 16 It is reassuring that our results for the inactivated vaccine were consistent across the methods used to confirm influenza. The lower absolute efficacy of the live attenuated vaccine, as compared with the inactivated vaccine, was also not anticipated, given previous reports of efficacy in years when antigenically drifted strains circulated. 5, 6 The live attenuated vaccine still appeared to be protective, particularly against type A influenza, although absolute efficacy estimates were not significant. The estimation of relative efficacy did not indicate a significant advantage of the inactivated vaccine over the live attenuated vaccine.
How can we explain our results among adults for the 2004-2005 influenza season? The use of antibody titer to confirm infection with influenza may lead to overestimation of the efficacy of the inactivated vaccine and underestimation of the efficacy of the live attenuated vaccine. 17 Among cases of influenza that were confirmed by isolating the virus in cell culture or identifying it through real-time PCR, the inactivated vaccine provided good protection against both type A and type B viruses, but the live attenuated vac- cine appeared to protect reasonably well against type A viruses but protected poorly against type B viruses. However, our study did not have the statistical power to draw conclusions from analyses of individual types of influenza. There were differences in the exact B viruses included in the two vaccines, but both were B/Shanghai/361/2002-like viruses and were considered to be antigenically equivalent to each other by the Food and Drug Administration. Low protection against type B influenza, which has been report ed previously for the live attenuated vaccine, has been attributed to a poor match between the circulating strain and the vaccine strain. 18 Could these findings be generalized to other years, when the circulating viruses are either closely matched to vaccine strains or different from them? One previous head-to-head comparison of an experimental bivalent live attenuated vaccine and an inactivated vaccine suggested that the two were equally protective against some but not all end points. 3 In children, the live attenuated vaccine has been consistently shown to be efficacious, even against antigenically drifted strains, 4,5 and a recent report 19 suggests that it is more efficacious than the recommended two-dose inactivated vaccine. However, in our study, the low antibody response to the live attenuated vaccine in hemagglutination-inhibition assays, which has also been observed in previous studies, 17,20 suggests that some adults may not become infected by the vaccine viruses because of past infection with influenza. In contrast, there appear to be high rates of seroconversion in seronegative children. 4, 21, 22 However, protection provided by the live attenuated vaccine has been observed in spite of the lack of an immune response in hemagglutination-inhibition assays, perhaps owing to the production of secretory IgA antibody. 17,20 More information is needed on the efficacy of the live attenuated vaccine in adults in other years. Even if it is not as efficacious as the inactivated vaccine in adults, its intranasal route of administration might still be an advantage as the United States moves toward a recommendation of universal use of influenza vaccines. The live attenuated vaccine could also be useful in a pandemic, given that the population would have no preexisting antibodies for the virus, and one dose of the vaccine would be expected to protect against it.
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